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(57) ABSTRACT

A sintered alloy for a valve seat may be manufactured using a
method including: mixing MnS with an alloy powder for a
valve seat including C at 0.8-1.2 wt %, Ni at 2.0-4.5 wt %, Cr
at 3.0-5.0 wt %, Mo at 16.0-20.0 wt %, Co at 9.0-13.0 wt %,
V at 0.05-0.15 wt %, S at 0.2-0.8 wt %, Fe, and additional
inevitable impurities; making a first shape by forming the
mixed materials; pre-sintering the first formed shape; making
a secondary shape by re-pressing the first pre-sintered shape;
main-sintering the secondary shape; and tempering the main-
sintered secondary shape.

6 Claims, 4 Drawing Sheets
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SINTERED ALLOY FOR VALVE SEAT AND
MANUFACTURING METHOD OF EXHAUST
VALVE SEAT USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority of Korean Patent
Application Number 10-2012-0033989 filed Apr. 2, 2012, the
entire contents of which application is incorporated herein for
all purposes by this reference.

BACKGROUND OF INVENTION

1. Field of Invention

The present invention relates to valve seats. More particu-
larly, the present invention relates to a sintered alloy for valve
seats in which MnS is added for improving machinability and
tempering, and a manufacturing method valve seat using the
same.

2. Description of Related Art

A valve seat of engine components for vehicles is a com-
ponent that contacts a valve surface and maintains an airtight
seal in a combustion chamber. The valve seat is repeatedly
impacted so it needs to be manufactured so it cannot be
damaged by the repeated impacts.

A traditional wear-resistant sintered alloy for a valve seat
has iron (Fe) as its main component, and contains carbon (C)
at0.4-1.0 wt %, silicon (Si) at 0.1-1.0 wt %, chromium (Cr) at
0.5-2.0 wt %, molybdenum (Mo) at 6.0-10.0 wt %, cobalt
(Co) at 6.0-15.0 wt %, and lead (Pb) at 6.0-18.0 wt %. The
manufacturing process thereof is as follows.

Firstly, a metal powder except lead of the components is
mixed, and it is formed by surface pressure of 4-8 ton/cm?>.

It is pre-sintered in the range of 750-800° C. for 40 minutes
in a reduction atmosphere, and forged by surface pressure of
7-10 ton/cm”.

Main sintering is then performed in a hydrogen atmosphere
in the range of 1110-1140° C. for 30-50 minutes, a resin is
impregnated to improve workability, and a barrel process is
performed to manufacture a wear-resistant sintered alloy for
valve seat.

However, the sintered alloy for the valve seat manufactured
by the components and content induces excessive abrasion of
tools and tearing, and the workability is not good. Therefore,
improvement is needed.

The information disclosed in this Background section is
only for enhancement of understanding of the general back-
ground of the invention and should not be taken as an
acknowledgement or any form of suggestion that this infor-
mation forms the prior art already known to a person skilled
in the art.

SUMMARY OF INVENTION

Various aspects of the present invention provide for a sin-
tered alloy for a valve seat and a manufacturing method of an
exhaust valve seat using the same having advantages of
improving solid lubrication, roughness of the valve seat, and
surface conditions by forming a Co—Mo—Cr—Si hard
phase by adding MnS and performing tempering.

The present invention according to various aspects pre-
sents a sintered alloy for a valve seat, and MnS is added to the
sintered alloy that includes C at 0.8-1.2 wt %, Niat 2.0-4.5 wt
%, Cr at 3.0-5.0 wt %, Mo at 16.0-20.0 wt %, Co at 9.0-13.0
wt %, V at 0.05-0.15 wt %, S at 0.2-0.8 wt %, Fe, and
additional inevitable impurities.
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An amount of MnS of 0.2-2.5 parts by weight with respect
to 100 parts by weight of the sintered alloy is added, the size
of MnS particles is smaller than 12 pm, and the MnS includes
Mn at 60-65 wt % and S at 35-40 wt % according to various
aspects of the present invention.

Various aspects of the present invention provide for a
method that includes steps of: mixing MnS with an alloy
powder for a valve seat including C at 0.8-1.2 wt %, Ni at
2.0-4.5 wt %, Crat3.0-5.0 wt %, Mo at 16.0-20.0 wt %, Co at
9.0-13.0wt %, V at 0.05-0.15 wt %, S at 0.2-0.8 wt %, Fe, and
additional inevitable impurities; making a first shape by form-
ing the mixed materials; pre-sintering the first formed shape;
making a secondary shape by re-pressing the first pre-sintered
shape; main-sintering the secondary shape; and tempering the
main-sintered secondary shape.

The amount of MnS is from 0.2 to 2.5 parts by weight with
respect to 100 parts by weight of the alloy powder, the tem-
pering temperature is from 180° C. to 220° C., and the tem-
pering time is from 100 minutes to 150 minutes according to
various aspects of the present invention.

Various aspects of the present invention provide for a
method including the steps of permeating oil into the tem-
pered secondary shape, and processing and barreling the oil-
permeated secondary shape.

A valve seat may be manufactured by the above sintered
alloy.

Solid lubrication, roughness of the valve seat, and surface
conditions may be improved by forming a Co—Mo—Cr—Si
hard phase by adding MnS and performing tempering.

In addition, wear-resistance of the valve seat may be
improved without increasing bite-abrasion loss, and a tearing
phenomenon is prevented.

The methods and apparatuses of the present invention have
other features and advantages which will be apparent from or
are set forth in more detail in the accompanying drawings,
which are incorporated herein, and the following Detailed
Description, which together serve to explain certain prin-
ciples of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of various aspects of the present
invention according to a processing sequence of a valve seat.

FIG. 2 is a graph of an exemplary valve seat representing
roughness according to the present invention.

FIG. 3 shows photographs of exemplary metallic structures
before and after corrosion according to a comparative
example and an exemplary embodiment of the present inven-
tion.

FIG. 4 is a flowchart for a manufacturing process of an
exemplary valve seat according to the present invention.

DETAILED DESCRIPTION

Reference will now be made in detail to various embodi-
ments of the present invention(s), examples of which are
illustrated in the accompanying drawings and described
below. While the invention(s) will be described in conjunc-
tion with exemplary embodiments, it will be understood that
present description is not intended to limit the invention(s) to
those exemplary embodiments. On the contrary, the inven-
tion(s) is/are intended to cover not only the exemplary
embodiments, but also various alternatives, modifications,
equivalents and other embodiments, which may be included
within the spirit and scope of the invention as defined by the
appended claims.
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According to various embodiments of the present inven-
tion, a sintered alloy for valve seat is manufactured by adding
MnS to a sintered alloy that includes, in the unit of wt %, Cat
0.8-1.2, Ni at 2.0-4.5, Cr at 3.0-5.0, Mo at 16.0-20.0, Co at
9.0-13.0, V at 0.05-0.15, S at 0.2-0.8, Fe, and additional
inevitable impurities.

The MnS is contained at 0.2-2.5 parts by weight with
respect to 100 parts by weight of the sintered alloy, and the
valve seat is manufactured with the sintered alloy contained
the MnS.

The limitation reasons for numerical values according to
various embodiments of the present invention are explained
hereinafter.

First, carbon is added to iron (Fe) so that wear-resistance
according to strength and hardness increments is improved
and the strength of a matrix is enhanced. If the amount of
carbon is less than 0.8 wt %, pearlite and ferrite are exces-
sively formed so that the matrix is softened and the strength
and wear-resistance are deteriorated, and if the amount of
carbon is larger than 1.2 wt %, the carbon retained after
forming pearlite forms network-structure cementite so that
the matrix is weak.

Therefore, the content of carbon in various embodiments
of the present invention is limited to 0.8-1.2 wt %.

When the Ni is added and diffused in the matrix metal, it
improves heat-resistance and high temperature characteris-
tics. If the amount of the Ni is less than 2.0 wt %, the above
effects are slightly shown, whereas if the amount of the Ni is
larger than 4.5 wt %, the matrix structure is changed into
martensite and Ni-rich austenite, so that the structure is
unstable and the hardness increases excessively thus deterio-
rating mechanical working.

Therefore the content of Ni in various embodiments of the
present invention is limited to 2.0-4.5 wt %.

The Cr forms a Co—Mo—Cr—Si phase, which is a hard
phase, along with the Co, Mo, and Si components, so that
wear-resistance is improved, and Cr plays a role as a lubricant
by precipitating CrS in the matrix. If the content of Cr is less
than 3.0 wt %, the Co—Mo—Cr—Si phase, which is the hard
phase, and the CrS, which is a solid lubricant, are marginally
formed so that the wear-resistance is deteriorated.

When the content of Cr is larger than 5.0 wt %, the
Co—Mo—Cr—Si phase and CrS are excessively formed so
that the metal matrix is weak.

Therefore, the content of Cr in various embodiments of the
present invention is limited to 3.0-5.0 wt %.

In the Co—Mo—Cr—Si phase, the amounts of the com-
ponents are respectively Mo at 50 wt %, Cr at 9 wt %, Siat 3
wt %, and Co as a balance.

However, the above amounts of components are exemplary
for optimized effect, so the contents are not limited to the
amounts.

The Mo forms a Co—Mo—Cr—Si phase, which is a hard
phase, in common with Co, so that the wear-resistance is
enhanced and improved by an Fe—Mo phase by diffusing in
the Fe matrix. If the amount of Mo is less than 16.0 wt %, the
Co—Mo—Cr—Si phase and the Fe—Mo phase are slightly
formed, so that the wear-resistance is deteriorated, whereas if
the amount of Mo is larger than 20.0 wt %, the Co—Mo—
Cr—Si phase and the Fe—Mo phase are excessively formed,
so that the matrix metal is weak.

Therefore the content of the Mo in various embodiments of
the present invention is limited to 16.0-20.0 wt %.

The Cr forms a Co—Mo—Cr—Si phase, which is a hard
phase, in common with Mo, so that the wear-resistance is
enhanced. If the amount of the Cr is less than 9.0 wt %, the
Co—Mo—Cr—Si phase is slightly formed so that the wear-
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resistance is deteriorated, whereas if the amount of the Cr is
larger than 13.0 wt %, the Co—Mo—Cr—Si phase is exces-
sively formed, so the matrix metal is weak.

Therefore, the content of the Cr in various embodiments of
the present invention is limited to 9.0-13.0 wt %.

The V (vanadium) in various embodiments of the present
invention is combined into the carbon and forms particulated
carbide so that the wear-resistance and high temperature
strength are improved. If the amount of the V is less than 0.05
wt %, the effects are slight, whereas if the amount of the V is
larger than 0.15 wt %, V,O5 oxide is easily formed. Because
the steam pressure of the oxide is high, it is easily evaporated
at a high temperature.

Therefore, the content of the V in various embodiments of
the present invention is limited to 0.05-0.15 wt %.

In addition, sulfur (S) is added as a solid lubricant and
combined with Cr, and forms CrS in the interior of particles.

If the amount of S is less than 0.2 wt %, the precipitated
amount of solid lubricant is small so the effects are slight,
whereas if the amount of S is larger than 0.8 wt %, the amount
of the CrS is excessive, so the strength of the matrix is dete-
riorated.

Therefore, the content of the S in various embodiments of
the present invention is limited to 0.2-0.8 wt %.

Also, the sintered alloy for a valve seat, in various embodi-
ments of the present invention, contains iron (Fe) as a main
component and MnS is added to the alloy powder for a valve
seat to improve tool-wearing and machinability.

The MnS, in various embodiments of the present invention,
exists in holes without reacting with adjacent elements, so the
machinability and solid lubrication can be improved.

In various embodiments of the present invention, in the
MnS, with a particle size of less than or equal to 12 um, is
uniformly distributed, the content of the MnS is 60-65 wt %,
and the content of the S is 35-40 wt %. The MnS is not
decomposed into a compound at a high temperature and is
stable, so the MnS is retained in the holes of the sintered body
as MnS after sintering. As a result, a sintered body of which
the machinability is good can be obtained during machining
by reducing bite friction coefficients.

Further, because the MnS plays a role as a solid lubricant,
the MnS can reduce the impact between metals and frictional
force.

If the amount of the MnS is less than 0.5 parts by weight
with respect to 100 parts by weight of the sintered alloy (alloy
powder), the effect is slight, whereas if the amount of the MnS
is larger than 2.5 parts by weight with respect to 100 parts by
weight of the sintered alloy, the strength of the matrix is
decreased so that a fracture can easily occur during pressing
of the valve seat into a cylinder head.

Therefore, the content of the MnS in various embodiments
of the present invention is limited to 0.5-2.5 parts by weight
with respect to 100 parts by weight of the sintered powder
(alloy powder).

Hereinafter the manufacturing method of the valve seat in
various embodiments of the present invention will be
described.

FIG. 4 is a flowchart of a manufacturing process of a valve
seat according to various embodiments of the present inven-
tion. Referring to FIG. 4, 1.0~2.0 parts by weight of MnS with
respect to 100 parts by weight of the alloy powder is added to
the alloy powder composed of C at0.8-1.2 wt %, Niat 2.0-4.5
wt %, Cr at 3.0-5.0 wt %, Mo at 16.0-20.0 wt %, Co at
9.0-13.0wt %, V at 0.05-0.15 wt %, S at 0.2-0.8 wt %, Fe, and
additional inevitable impurities.
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The mixed alloy powder and the MnS are made into a first
shape considering the demanded density and entire length by
first forming (S100).

Then, pre-sintering is performed (S110), and the process is
fulfilled in the range of 750-800° C. during 2.5 hours.

The pre-sintering process is a process in which ductility is
improved by diffusing a little carbon into the first formed
shape for re-pressing (forging) (S120), which is a process for
enhancing the density.

After the pre-sintering process, the first formed shape is
re-pressed (S120), so the secondary shape is materialized and
the density is increased by exerting a force of 10 ton/cm?.

The materials in the re-pressing process are combined
physically, and the secondary shape can be combined chemi-
cally by main-sintering (S130).

The materials are kept in the range of 1110-1140° C. for 5
hours during main-sintering, and particularly for 50 minutes
in a high temperature region.

After the main-sintering, residual stress is occurred in the
secondary shape, a tempering process (S140) in which the
temperature is constant in the atmosphere is performed to
remove the residual stress.

The tempering temperature in various embodiments of the
present invention is in the range of 180-220° C., and temper-
ing time is in the range of 100-150 minutes.

The stress between structures is moderated by the temper-
ing.

And then, an oil-containing process which interfuses oil
into the secondary shape in a vacuum state to improve the
machinability of the products and prevent occurring of rust is
performed.

After the oil-containing process is finished, the oil-inter-
fused secondary shape is mechanically processed in dimen-
sion and shape, which is not materialized by the powder metal
(PM) method, a barrel process (S150) that burrs and impuri-
ties are removed after the process is carried out to maintain the
optimum surface state.

When the barrel process is finished, defects on the product
surface are detected early and the final check can find them so
the product will not to be delivered to customers.

Hereinafter, various embodiments of the present invention
will be described in more detail.

However the scope of the present invention is not limited
thereto.

EXAMPLE

The MnS at 1.5 parts by weight with respect to 100 parts of
alloy powder, in various embodiments of the present inven-
tion, is uniformly blended in the alloy powder composed of Fe
at 59.5 wt %, Ni at 3.15 wt %, Mo at 18.24 wt %, Cr at 4.27
wt %, C at 1.04 wt %, Co at 11.6 wt %, Mn at 0.95 wt %, Sat
0.88 wt %, V at 0.1 wt %, and additional inevitable impurities,
and the blended alloy powder is pressed to manufacture a
sintered alloy for a valve seat, and the pressed alloy powder is
formed, sintered, and tempered at 200° C. for 120 minutes.

The abrasion loss of the manufactured valve seat by the
above method is measured.

A valve seat 10 can be divided into seat portions 12, 14, and
16 and non-seat portions, and the seat portions 12, 14 and 16
are the focus on an experiment in various embodiments of the
present invention.

The non-seat portions in various embodiments of the
present invention mean the lower part of seat portions 12, 14
and 16 in FIG. 1, where friction with the valve is insignificant.

FIG. 1 shows processing sequences for the valve seat 10
according to various embodiments of the present invention,
wherein the seat portion 16 is processed after seat portions 12
and 14 are processed.
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6

The seat portion 16 is a portion where the valve seat 10
contacts the valve in FIG. 1(c), and the seat portions 12 and 14
are auxiliary surfaces for forming the seat portion 16.

Seat portions 12, 14 and 16 in FIG. 1 make surfaces A, B
and C respectively.

Experimental Method

To test the performance of the valve seat according to
various embodiments of the present invention, the test is
fulfilled at RPM 0f 1100, FEED of 124.4, and FEED RATE of
0.11 during the processing, 1000 products each material are
worked, and the seat portion 16 is processed after the seat
portion 12 and 14 are processed. The test results are shown in
Table 1 and Table 2.

In the comparative example, the MnS and resin are added,
but tempering is not performed.

TABLE 1
Machinability
Roughness B surface state
of B Maximum hole # ofpores Bite abrasion

Classification surface (Rt) size (um) (>100 pm)  loss (mm)
Comparative 7.5 471.2 8.6 0.068
Example
Exemplary 3.6 170.8 1.4 0.052
Embodiment

TABLE 2

Material Properties

Microhardness

Hardness Density (mHv 100 gf)
Classification (HRA)  (g/cm®) Hard Phase Matrix
Comparative Example 67.8 7.27 1339.8 446.5
Exemplary Embodiment 63.4 7.24 1317.3 420.5

As shown in the Table 1, the surface hardness of the valve
seat according to various embodiments is improved com-
pared to the comparative example.

FIG. 2 shows the surface roughness of the valve seat
according to various embodiments of the present invention,
wherein the surface roughness (Rt) is an average value of 5
tests of 1000 products for the each material.

In addition, the maximum pore size in various embodi-
ments of the present invention is reduced to under half of that
of'the comparative example, and the number of pores that are
larger than 100 pm is markedly reduced.

FIG. 3 shows photographs of metallic structures before and
after corrosion, and the photographs are magnified 200 times.
Referring to FIG. 3, (a) and (b) are respectively photographs
of'a metallic structure before and after corrosion according to
the comparative example and an exemplary embodiment, and
(c) and (d) are respectively photographs of metallic structures
before and after corrosion according to the comparative
example and various embodiments.

As shown in FIG. 3, there are large changes in the com-
parative example after corrosion, whereas there are few
changes in various embodiments of the present invention, so
we can know that the valve seat according to the present
invention has better corrosion-resistance.

In addition, fewer than 300 holes can be worked in the
comparative example, whereas more than 1400 holes in the
valve seat according to various embodiments can be worked,
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and in various embodiments resin is not used, so a tearing
phenomenon of a worked surface does not occur.

Therefore, the valve seat according to various embodi-
ments of the present invention is particularly suitable for the
contact portion with the valve.

For convenience in explanation and accurate definition in
the appended claims, the terms lower and etc. are used to
describe features of the exemplary embodiments with refer-
ence to the positions of such features as displayed in the
figures.

The foregoing descriptions of specific exemplary embodi-
ments of the present invention have been presented for pur-
poses of illustration and description. They are not intended to
be exhaustive or to limit the invention to the precise forms
disclosed, and obviously many modifications and variations
are possible in light of the above teachings. The exemplary
embodiments were chosen and described in order to explain
certain principles of the invention and their practical applica-
tion, to thereby enable others skilled in the art to make and
utilize various exemplary embodiments of the present inven-
tion, as well as various alternatives and modifications thereof.
Itis intended that the scope of the invention be defined by the
Claims appended hereto and their equivalents.

What is claimed is:
1. A manufacturing method of a valve seat, the method
comprising:
mixing MnS with an alloy powder for the valve seat com-
prising C at 0.8-1.2 wt %, Ni at 2.0-4.5 wt %, Cr at
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3.0-5.0 wt %, Mo at 16.0-20.0 wt %, Co at 9.0-13.0 wt
%, V at 0.05-0.15 wt %, S at 0.2-0.8 wt %, Fe, and
additional inevitable impurities;
making a first shape by forming the mixed materials;
pre-sintering a first formed shape;
making a secondary shape by pressing a first pre-sintered
shape;
main-sintering the secondary shape; and
tempering the main-sintered secondary shape.
2. The method of manufacturing the valve seat of claim 1,
wherein
the amount of MnS is from 0.2 to 2.5 parts by weight with
respect to 100 parts by weight of the alloy powder.
3. The manufacturing method of the valve seat of claim 1,
wherein
a tempering temperature is from 180° C. to 220° C.
4. The manufacturing method of the valve seat of claim 1,
wherein
a tempering time is from 100 minutes to 150 minutes.
5. The manufacturing method of the valve seat of claim 1,
wherein
the method comprises a further step of permeating oil into
the tempered secondary shape.
6. The manufacturing method of the valve seat of claim 5,
wherein
the method comprises a further step of processing and
barreling the oil-permeated secondary shape.
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